Acid-catalyzed cyclocondensation of 2-chloroacetic acid and 2-chloropropionic acid with some substituted o-phenylenediamines afforded the corresponding 2-(1-chloroalkyl)benzimidazoles.
Introduction
Hydrazine, as a good reducing agent, has been frequently applied to reduce aromatic nitro compounds. [1] [2] [3] [4] Furthermore, it is capable of reducing aryl halides in the presence of palladium compounds, [5] polyfluoroalkyl halides are reduced using zinc/ hydrazine hydrate system, [6] in addition, hydrazine can be oxidized to a diimide intermediate which is able to reduce olefins. [7] [8] [9] Diimide reductions of olefins using sulfonylhydrazides is a well known process. [10] Diimide is a good reagent for reduction of duble bonds in polymers, [11] [12] [13] [14] also it is a well-known reagent for hydrogenating multiple bonds with very high stereospecificity. [15] In this paper, we wish to report an unexpected reduction of C-Cl bond to C-H bond in drevatives of 2-(1-chloroalkyl)benzimidazole with hydrazine and formation of diimide, through a normal substitiution reaction (SN2) in the first step and then an elimination reaction.
Experimental

General
Melting points were recorded on an Electrothermal type 9100 melting point apparatus. The IR spectra were obtained on a 4300 Shimadzu spectrometer and only noteworthy absorptions are listed. The GC data were obtained with Shimadzu 17A, chromatograph equipped with a flame ionization detector (FID) and a DBP-5 capillary fused silica column (25 m, 0.25mm I.D.; 0.25 µm film thickness). The carrier gas Nitrogen (99.999%) with the split ratio of 1:10 and flow rate of 1mL/sec was applied.
The 1 H-NMR (100 MHz) spectra were recorded on a Bruker AC 100 spectrometer.
Chemical shifts are reported in ppm downfield from TMS as internal standard.
Coupling constants J are given in Hertz. Electron impact mass spectra (EIMS) were scanned on a Varian Mat. CH-7 at 70 ev.
General procedure for the synthesis of 2-chloroalkylbenzimidazoles 3a-g
This step was carrid out according to the method was reported previously 16 . 
Procedure for reduction of cyclohexene and cyclopentene
In a two-neck flask which one of its outlets via a U-shape adapter is connected to the other two-necked flask containing boiling cycloalkene (cyclohexene and cyclopentene) (5 mmol) and equipped with a reflux condenser, a solution of 3a ( 
Results and Discussion
Compounds 3a-c were prepared from reaction of o-phenylenediamines 1a-c with 2-chlorocarboxylic acids 2a and 2b under acidic conditions. Then, in order to obtain hydrazine-containing compounds 4a-g as suitable precursors to produce of new heterocyclic systems, benzimidazoles 3a-g were refluxed with an excess amount of hydrazine hydrate. When a mixture of 3a and hydrazine was refluxed for 24 h, a solid product was isolated from the reaction mixture. To our surprise, its 1 H-NMR spectrum had an upfield triplet signal as well as a quartet one, typical for an ethyl group at δ 1.4 ppm and δ 2.9 ppm, respectively. Moreover, D 2 O-exchange experiments showed one exchangable proton, pertaining to the NH proton of the imidazole ring, at δ 11.5 ppm. It was clear that the product was not the expected hydrazine derivative 4a. Therefore, on the basis of the 1 H-NMR and MS spectral data, it was identified as the benzimidazole derivative 5a (see Experimental Section). To explore the scope of this unexpected reaction, we examined compounds 3b-g under the same conditions. As shown in scheme 1, benzimidazole derivatives 5a-g were produced in the same manner (see Experimental Section). A plausible mechanism for this hydrazine-mediated reduction has been depicted in scheme 3. Scheme2: Proposed mechanism for the observed hydrazine-mediated reduction First, the expected nucleophilic substitution reaction of compounds 3a-g with hydrazine hydrate proceeds smoothly to give the intermediates 4a-g, respectively.
Then, during a concerted six-membered transition state which has been initiated with N-H hydrogen abstraction by hydrazine, the hydrazine moiety presumably transfers a hydrogen atom to the C=N bond and affords compounds 6a-g. Finally, compounds 6a-g are reduced to benzimidazoles 5a-g via a tautomerism process mediated by the hydrazine and hydrazinium species.
In the course of the reaction, the formation of diimide 7 was easily confirmed through its ability to reduce olefins as has already been reported in the literature. [7] [8] [9] In this context, reduction of cyclohexene and cyclopentene was performed as it has been described in the experimental section (see Experimental Section), and was confirmed by GC technique . For further investigation, compound 3a was reacted with N,Ndimethylhydrazine for 24 h and the expected product 8 was obtained, as the sole product, through a nucleophilic substitution reaction (see Experimental Section). Thus, it gave the evidence that no reduction occurs during the reaction of 3a with N,Ndimethylhydrazine (Scheme 5). Scheme3: Formation of the substitution product due to lack of hydrogen atom on the right nitrogen of the hydrazine derivative.
Conclusion
In conclusion, we have described the unexpected reduction of 2-chloroalkylbenzimidazoles to 2-alkylbenzimidazoles by hydrazine accompanied by the formation of diimide as a product . This finding might find utility in organic transformations, particularly for synthesis of those heterocyclic compounds which contain a fused (or unfused) 2-alkylimidazole moiety in their structures.
